To estimate the association between maternal overweight and obesity on complications during pregnancy and delivery in Denmark. 
] 25 and higher) and obesity (BMI 30 and higher) in women of child-bearing age. In the United States, 34% of women aged 20 to 39 years are obese and 59.5% are classified as overweight or obese. 1 In Denmark, the percentage of overweight or obese women has increased from 22 .1% in 1987 to 39.4% in 2001. For obesity the figures were 5.4% to 12.5%. The increase was particularly among young adults. 2 Obesity is a known risk factor for many health problems, including type 2 diabetes mellitus, hypertension, coronary heart disease, and stroke. 3 In addition to these problems, obese women have higher risk of complications during pregnancy and delivery. Furthermore, their obesity may have adversely affected the health of their offspring. 4 To estimate the association between overweight and obesity on complications during pregnancy and delivery, we performed a population-based study on a cohort consisting of all Danish women giving birth to a singleton from 2004 through June 30, 2010 . This very large data set allows us to improve precision in effect size and to include rare complications of pregnancy and delivery.
MATERIALS AND METHODS
The cohort consisted of all Danish women carrying and giving birth to a singleton from January 1, 2004, through June 30, 2010 (Nϭ403,092) . Women were identified from the Danish Medical Birth Registry in which all deliveries in Denmark have been registered since 1973. The database contains data on 99.8% of all deliveries in Denmark with a population of more than 5 million. The quality of the data has been found to be valid and reliable. 5 Four women and their children were excluded because of double entry into the registry. Participants with obviously incorrect data registrations (BMI less than 10 or BMI more than 60: nϭ267; or birth weight plus or minus 4 standard deviations: nϭ3,410) were excluded. Data on BMI were missing for 30,064. In total, we excluded 33,745 participants (8.4% of the population). The final study population consisted of 369,347 women.
Data in the Danish Medical Birth Registry are entered at birth by the midwife assisting at the delivery. For this study we used information on maternal characteristics including BMI, age, parity and smoking habits. Body mass index was calculated from self-reported prepregnancy weight and height (weight in kilograms divided by the square of height in meters) obtained during the first antenatal visit, and the participants were categorized according to maternal BMI. Underweight was defined as BMI less than 18.5, normal weight as BMI 18.5-24.9, overweight as BMI 25-29.9, obesity BMI 30 -34.9, and severe obesity as BMI 35 or higher. Parity was categorized as 0, 1, or 2 or more deliveries, and smoking as no smoking, 1-10 cigarettes per day, or more than 10 cigarettes per day.
Maternal complications during pregnancy and delivery and fetal complications were classified according to the International Classification of Diseases 10th Revision. We identified pregnancies with a diagnosis of gestational diabetes mellitus (GDM) (O24.4), preeclampsia (O14), thrombosis (O871), or shoulder dystocia (O66). Hemorrhage was defined as more than 500 mL of postpartum hemorrhage (O72). Low Apgar score was defined as a score less than 7 at 5 minutes after birth. Stillbirth was defined as intrauterine death occurring after 22 completed weeks of gestation (O364). Birth weight was measured and recorded at birth to the nearest 10 g. Cesarean delivery included all codes for this procedure (KMCA10A-KMCA10E).
The frequencies of the various outcomes of pregnancy were calculated within maternal BMI groups and multiple logistic regression models were constructed to examine the magnitude and significance of the independent effect of BMI. Risks are presented as unadjusted and adjusted odds ratios (ORs) with 95% confidence intervals. Test for trend was evaluated by the Cochran-Armitage test for trend.
Shoulder dystocia was analyzed only among vaginal deliveries. Analyses of all outcomes: GDM, preeclampsia, thrombosis, hemorrhage, shoulder dystocia, planned and emergency cesarean delivery, low Apgar score, stillbirth, and high birth weight more than 4,500 g were adjusted for maternal age, parity, smoking during pregnancy, gestational age, birth weight, GDM, sex of the fetus, and calendar year, except that analysis of high birth weight was not adjusted for birth weight, and analysis of GDM was not adjusted for GDM and birth weight. All analyses were performed in SAS 9 for Windows. The study was approved by the Danish Data Protection Agency. Tables 2 and 3 show the unadjusted and adjusted risks of different obstetric and neonatal outcomes in the different BMI groups. The risk of gestational diabetes mellitus and preeclampsia were both considerably increased in the overweight and obese women compared with normal-weight women, whereas thrombosis appeared to be increased only in the overweight women (Tables 2 and 3 ). Planned and especially emergency cesarean delivery were increased with increasing BMI, and hemorrhage was unaffected by BMI (Tables 2 and 3) . Dividing the risk of hemorrhage into vaginal birth and cesarean delivery did not alter the conclusion (data not shown).
RESULTS
The risk of giving birth to a macrosomic noenate (more than 4,500 g) increased with increasing BMI, as did the risks of having a neonate with a low Apgar score or a stillborn fetus (Tables 2 and 3 ). In the unadjusted analyses, the risk of shoulder dystocia was significantly increased in the overweight, obese, and severely obese women (Table 4 ), but in the adjusted analyses the association disappeared (Table 5 ). Adjustment for each of the covariates individually did not substantially change the significant estimates of the unadjusted analysis of shoulder dystocia, suggesting that the lack of association when adjusting for all covariates cannot be explained by a single factor but rather the interaction between several factors. All tests for trends, except for hemorrhage (Pϭ.06) and thrombosis (Pϭ.07), were significant, suggesting generally increasing risk with increasing BMI.
DISCUSSION
In this study we demonstrate that maternal prepregnancy overweight, obesity, and severe obesity are linked to increased risk for many adverse pregnancy outcomes. It is well known that overweight, obesity, and severe obesity increase morbidity for both mother and neonate and are associated with a variety of adverse pregnancy outcomes.
Gestational diabetes mellitus is characterized by insulin resistance and inadequate insulin secretion, resulting in hyperglycemia. Obese women are more insulin resistant than normal-weight women and the risk for gestational diabetes mellitus is positively associated with obesity in pregnancy, with one study reporting the OR of developing GDM to be 2.6 for obese women and 4.0 for morbidly obese women, respectively. 6 Nohr et al reported an increased risk for GDM in overweight women of 1.7 times, and 5.1 in obese women. 7, 8 Chu et al included 20 studies in a meta-analysis and found that the risk of developing GDM was increased 3.6 times in obese compared with normal-weight women, and 8.6 times in the severely obese. 9 This is in line with our findings for GDM with an increased risk of 3.5 in overweight women, 7.7 in obese women, and 11.0 in severely obese women.
Preeclampsia complicates 3-5% of all pregnancies and obesity is a consistent risk factor for preeclampsia, approximately three times higher than in normal-weight women, 6 -8,10,11 but the mechanisms involved are not known. In an overview of 13 cohort studies including nearly 1.4 million women, O'Brien et al observed a consistent and linear rise in the risk for preeclampsia with increasing prepregnancy BMI. The risk of preeclampsia doubled with each 5-7-point increase in BMI. 12 Both obesity and preeclampsia are associated with increased markers of inflammation such as C-reactive protein and inflammatory cytokines, tumor necrosis factor-␣, interleukin-6, and interleukin-8. These shared features suggest that obesity is a risk factor for preeclampsia because of preexisting inflammation. 13 Preeclampsia is more common in obese women with GDM than in women without GDM. The coexistence of these two metabolic disorders suggests a similar underlying mechanism. In a recent publication from Ireland, the risk of preeclampsia increased from 2.7% in normal-weight women to 6% in obese, glucose-tolerant women.
14 Furthermore, tight glucose control in women with GDM reduces the risk for preeclampsia. 15, 16 In our study we controlled for GDM and still found an increased risk for preeclampsia of 1.9 in the overweight group, 3.0 in the obese group, and 4.4 in the severely obese group.
Maternal obesity is associated with a significantly increased risk of thrombosis during both the antenatal and postnatal periods. A case-control study in Denmark, including 129 women with deep vein thrombosis or pulmonary embolism during pregnancy or the puerperium and 258 controls showed a significant association between BMI 30 or higher and venous thrombosis (OR 5.3). 17 As both immobility and obesity are associated with thrombosis, the combination increases the risk considerably. This interaction has been demonstrated by a large case-control study that reported an OR of 62.3 for antenatal venous thrombosis and 40.1 for postnatal thrombosis in women with a BMI 25 or higher where there was evidence of immobilization, compared with women with a BMI less than 25 and no immobilization. 18 We found that the risk of thrombosis was increased only in the overweight women (OR 1.6), but not in the obese or severely obese women. An explanation for this difference could be that in Denmark all obese women who are immobilized during pregnancy or after cesarean delivery are treated with prophylactic anticoagulation.
The risk of cesarean delivery and associated morbidities are increased in obese women. In a Danish study, the proportion of cesarean delivery increased from 14.7% in normal-weight women to 22% in obese women (OR 2.7), 11 whereas in an American population the figures were 21.3% (BMI 20 -25), 32.6% in obese (BMI 30 -35), 36.9% in very obese (BMI 35-40), and 45.2% in extremely obese women (BMI more than 40).
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A meta-analysis performed by Chu et al in 2007 estimated that the risk of having a cesarean delivery was approximately two and three times higher among obese and severely obese women, respectively, compared with women of normal weight. In addition, the majority of these deliveries were performed during the first stage of labor and based on indications of dystocia and fetal distress. 20 Our study showed that the ORs of planned cesarean delivery were 1.2 in the overweight women, 1.3 in the obese women, and 1.4 in the severely obese women. The ORs for emergency cesarean delivery were 1.4, 1.7, and 2.1, respectively. The reason for this increased rate of cesarean delivery in obese women is unknown but could be related to increased maternal pelvic soft tissue, fetal macrosomia, and intrapartum complications (eg, inability to adequately monitor the fetus and contractions). 21 In a recent review including 11 papers, cesarean delivery risk was increased by 50% in overweight women and was more than doubled for obese women compared with women with normal BMI. 22 Obese women undergoing cesarean delivery experience more complications, including blood loss more than 1,000 mL, increased operative time, increased postoperative wound infection, and endometritis. [23] [24] [25] [26] Raised BMI is a reported risk factor for postpartum hemorrhage. In a large study from the United Kingdom, the risk of postpartum hemorrhage rose with increasing BMI, with an OR of 1.16 in the overweight group and 1.39 in the obese group. 27 In a Swedish study, the risk for postpartum hemorrhage also increased with high BMI. 10 In a recent metaanalysis it was concluded that overweight, obese, and morbidly obese pregnant women had significantly increased risk of hemorrhage compared with normalweight women, with an overall OR of 1.24. 28 This is in contrast with our findings, as we found no increased risk in any of the overweight or obese groups. In the U.K. study, the percentage of hemorrhage was 10.4% in the normal-weight group, 13.2% in the overweight group, and 17.1% in the obese group. 27 In the Swedish study, the percentages were 5.7% in the control group, 6.0% in the obese group (BMI 29 -35), 5.2% in the severely obese group (BMI 35-40) ,and 5.5% in the morbidly obese women (BMI more than 40). 10 The Swedish figures are more in line with our results, with 6.4% having more than 500 mL bleeding postpartum in the normal-weight women, and 6.7% in the overweight, 6.5% in the obese, and 6.6% in the severely obese women. A well-known problem is different definitions of postpartum hemorrhage. Neither the U.K. study nor the Swedish study had any definition of postpartum hemorrhage; furthermore, it is well known that it is clinically difficult to accurately estimate blood loss, particularly in obstetric scenarios. In Denmark, blood loss considered to be less than 500 mL is usually measured by clinical judgment only, whereas greater blood loss is usually measured by weighing pads, linen, and so forth. Whereas small amounts of blood loss may be underestimated, 29 greater blood loss most likely would tend to be more precise. Still, the misclassification would be expected to be independent of BMI, and hence would cause bias toward the null.
Maternal obesity is a well-known risk factor for fetal macrosomia. Owens et al found that the percentage of macrosomic neonates (more than 4,000 g) to increased from 15.5% to 21.4% to 27.8% in normalweight, overweight, and obese women, respectively. 14 In the studies by Sebire et al 27 and Nohr et al, 8 the risk of neonates who were large for gestational age (LGA) was increased by a factor 2.3. Sewell et al demonstrates that obese women with normal glucose tolerance had neonates who were heavier than those born to normal-weight women because of increased fat mass, not lean body mass. 30 Maternal diabetes is also a well-known risk factor for macrosomia. Ehrenberg et al examined the relative contribution of obesity and diabetes for the prevalence of LGA neonates (more than 90 percentile) at birth, and found that pregestational diabetes had a greater effect on the frequency of LGA than did maternal obesity (OR 4.4 and 1.6, respectively). Nevertheless, more LGA neonates are born to obese women than to women with diabetes, because maternal obesity is much more prevalent than diabetes (46.7% compared with 4.1%). 31 Several countries have reported an increase in mean birth weight over the past decade and an increase in the proportion of macrosomic neonates. In Denmark, the percentage of neonates born with birth weights higher than 4,000 g increased from 16 .7% in 1990 to 20.0% in 1999. 32 One explanation for this increase could be the increase in maternal BMI over the same period. Our study is in accordance with these studies as we report increased macrosomia (birth weight more than 4,500g) with increasing maternal BMI, also when we adjusted for GDM.
Although relatively rare, shoulder dystocia is a feared complication, which in a Swedish study increased from 0.1% to 0.3% (OR 2.14) in the normalweight mothers compared with the obese mothers. 10 Usha Kiran et al reported an increase from 0.5% in overweight women to 1.5% in obese women (OR 2.9). 33 On the other hand, Jensen et al did not find an increased risk for shoulder dystocia in obese mothers. 11 In our study, the crude percentage of shoulder dystocia was 1.1 in the overweight group, 1.4% in the obese group, and 1.7% in the severely obese women, and hence the risk was significantly increased in the unadjusted calculation. However, in the adjusted analyses the significance disappeared. The increased use of ultrasonography to detect macrosomia and interventions such as induction of labor or cesarean delivery could explain a decrease in this complication.
Sebire et al reported increased risk of low Apgar score for overweight and obese women. 27 Also, Nohr et al observes that neonates born to obese women had a higher risk of low Apgar score. 8 Likewise, we found an increasing risk of low Apgar with increasing BMI.
Two Danish studies showed that the risk for stillbirth among obese women was significantly higher compared with normal-weight women. In a study of 24,505 singleton pregnancies, the overall rate of stillbirth was 4.6 per 1,000 deliveries. Compared with women of normal weight, the relative risk of stillbirth in obese women was nearly tripled (OR 2.8). 34 In another study of 54,505 pregnancies, the risk of stillbirth was 2.8 per 1,000. The risk for stillbirth among obese women was significantly higher as gestational age advanced (weeks 28 -36: OR 2.1; weeks 37-39: OR 3.5; weeks 40 and more: OR 4.6). Furthermore, obesity was associated with a five-fold increase in risk of stillbirth with placental dysfunction. 35 Chu et al included nine studies in a metaanalysis and found the OR of stillbirth to be 2.07 among obese pregnant women compared with normal-weight pregnant women. 36 These figures are in accordance with our observation of increasing risk for stillbirth with increasing maternal obesity.
Our study has several strengths: first, the magnitude of participants, covering a nationwide population. We included 369,347 participants, which to our knowledge is the largest study to date. The large number allowed for detailed risk assessments, including rare complications such as thrombosis (0.06% in this study), stillbirth (0.3%), low Apgar (0.6%), and shoulder dystocia (0.97%). An additional strength of the present study includes the completeness of data and avoidance of selection bias because of the nationwide nature of the study. The population in Denmark is relatively homogeneous (more than 90% white), leaving less room for confounding, and all citizens have free access to health services on an equal term. We excluded participants with obviously incorrect data. These cases constituted only 0.9% of the total population, thus, they are unlikely to have had a significant effect on the conclusions.
A limitation of this study is that we relied on self-reported prepregnancy BMI at the first antenatal visit. Overweight and obese women may have underreported their weight, 37 but this report would most likely be independent of subsequent adverse outcomes, and hence lead to nondifferential misclassification, that is, bias risks toward the null. Considering that we found mostly increased risk of many adverse outcomes, the true risks would be even greater.
This study shows a significant increased risk of a wide variety of pregnancy, birth, and neonatal complications in overweight and obese women, which confirms and extends the results of most other studies. Obesity in pregnancy has disadvantages for the mother, fetus, and newborn. Moreover, maternal obesity is responsible for increased obesity in offspring, thereby possibly inducing a trans-generational effect. As the obesity epidemic also affects women of child-bearing age, it is of vital importance to address prepregnancy care and weight-management programs to prevent this increase and consequently reduce obesity among future generations.
